Abstract. Matrix metalloproteinase (MMP)-21 and MMP-28, or epilysin, are overexpressed during the invasion and metastasis of solid tumors. The present study investigated MMP-21 and MMP-28 expression levels in human gastric cancer using tissue microarray (TMA) analysis, and determined their association with clinicopathological characteristics and patient prognosis. TMA blocks, including 436 cases of gastric cancer and 92 non-cancerous adjacent gastric tissues, were investigated using immunohistochemistry. Staining results were analyzed statistically in association with various clinicopathological characteristics and overall survival. The MMP-21 and MMP-28 positive detection rate was 31.9% (139/436) and 34.4% (150/436), respectively, in the gastric carcinoma tissue specimens. MMP-21 and MMP-28 expression levels were negative in the 92 normal gastric tissue samples. In patients with gastric cancer, positive expression of MMP-21 and MMP-28 was correlated with tumor diameter, depth of invasion, vessel invasion, lymph node and distant metastases and tumor-node-metastasis stage. The overall survival rate was significantly lower in MMP-21 and MMP-28-positive compared with negative patients. Cox multivariate analysis revealed that MMP-21 and MMP-28 levels were independent predictors of survival in patients with gastric cancer. These findings emphasize the importance of MMP-21 and MMP-28, which may serve as novel and independent prognostic markers for the invasion and metastasis of human gastric cancer.
Introduction
Gastric cancer is one of the most prevalent types of cancer globally, and is the second most frequent cause of cancer-associated mortality worldwide, with a particularly high incidence in East Asia, including China (1) . Despite significant advances in treatment, including drugs and surgical technologies, the overall 5-year survival rate in China remains low (40%), as the majority of gastric cancer cases are diagnosed at stage III or IV with a high rate of lymph node metastasis (50-75%) (1) . Therefore, it is of clinical significance to further elucidate the pathogenesis of gastric cancer, in addition to identifying novel prognostic markers and therapeutic strategies.
Human matrix metalloproteinases (MMPs) are a family of 23 structurally-associated enzymes that remodel and degrade the extracellular matrix (ECM). Based on substrate specificity, they are classified into collagenases (MMP-1, -8 and -13), gelatinases (MMP-2 and -9), stromelysins (MMP-7 and -26), membrane-type MMPs and other MMPs (MMP-19, -20, -21, -23 and -28) (2, 3) . MMPs are able to act on non-ECM components to mediate the release and activation of soluble factors, including growth factors and cytokines, from the ECM; these enzymes are frequently overexpressed in various forms of human cancer and are associated with malignancy (2, 3) . The role of MMPs in cancer invasion and metastasis has been the subject of various studies due to their ECM-degrading capacity (4) (5) (6) (7) (8) (9) (10) . In gastric cancer, previous studies have linked the overexpression of MMP-2, -21, -9, -3, -7, -28 and -13 with tumor aggressiveness (4) (5) (6) (7) (8) . High expression levels of MMP-3, -7, -2, -9 and -21 have been suggested to be independent prognostic markers of poor overall survival in patients with gastric cancer (4) (5) (6) (7) (8) . Additionally, MMP-7 and MMP-28 have been reported to promote gastric cancer cell invasion and migration (9, 10) . However, the association between the expression levels of MMP-21 and MMP-28 and pathological parameters has yet to be elucidated in gastric cancer.
In the current study, the protein expression levels of MMP-21 and MMP-28 in a large cohort of 436 gastric cancer cases were investigated, in order to examine their potential association with the clinical features and overall survival of patients with gastric cancer who had not received neo-adjuvant chemotherapy. Table I . All cases were classified according to the World Health Organization (WHO) criteria for the pathological classification of tumors (11) . During the follow-up period (≤5 years), overall survival was determined as the time of diagnosis to the date of mortality or the last follow-up. Follow-up information for all patients was updated every 3 months by telephone, visits and questionnaires. Mortality of the patients was verified with the family and by review of public records. Tissue microarray (TMA) blocks containing a total of 528 cases (436 cancer tissue samples and 92 non-cancerous tissue samples) were constructed by reviewing the core area of tumor region from the hematoxylin and eosin-stained slides by two independent pathologists and selecting one representative FFPE archival block for each case. Core tissue biopsies (2 mm in diameter) were obtained from individual FFPE blocks (donor blocks) and arranged in recipient paraffin blocks (TMA blocks) using a trephine.
Overexpression of MMP21 and
Immunohistochemistry and staining evaluation. The protein expression levels of MMP-21 and MMP-28 in the normal gastric mucosa and in gastric carcinoma tissues were evaluated using immunohistochemistry. Tissue sections (4-µm-thick) were obtained from the TMAs, deparaffinized in xylene and hydrated using an ethanol-deionized water series (100, 95, 80 and 60% ethanol and water). The sections were submerged in EDTA antigenic retrieval buffer (0.1 M, pH 7.5) and microwaved 20 min for antigen retrieval, then followed by treatment with 3% H 2 O 2 for 15 min to inhibit endogenous peroxidase activity. Tissue sections were blocked by incubation with 1% bovine serum albumin (cat no. B2064; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) to prevent nonspecific binding at room temperature for 20 min. Tissue sections were washed three times in phosphate buffered saline (PBS; 0.1 M, pH 7.5) three times and incubated with rabbit monoclonal antibodies against MMP-21 (cat no. ab52817) and MMP-28 (cat no. ab155507) at a dilution of 1:250 (both Abcam, Cambridge, USA) overnight at 4˚C. Normal goat serum (cat no. 50062Z; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used as a negative control. The tissue sections were subsequently incubated with a horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (1:1,000 diluted in PBS; cat no. ZDR-5306; OriGene Technologies, Inc., Rockville, MD, USA) for 20 min at room temperature. Finally, 3,3'-diaminobenzidine was used to visualize the signal development and the tissue sections were counterstained with hematoxylin.
Immunohistochemical evaluation was performed independently by two pathologists who were blinded to the clinical data. The immunoreactivity levels of each case were estimated under a light microscope by assessing the average signal intensity (on a scale of 0-3) and the proportion of cells exhibiting positive staining (0, <5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; 4, 76-100%). The intensity and proportion scores were then multiplied to obtain a composite score, with 0-3 defined as negative and 4-12 defined as positive, as described previously (12).
Statistical analysis. All statistical analyses were conducted using SPSS software (version 11.0; SPSS, Inc., Chicago, IL, USA). Categorical data were evaluated using χ 2 or Fisher's exact tests. Survival curves were produced using the Kaplan-Meier estimator method and the log-rank test was used to analyze variation between curves. Multivariate analysis using the Cox proportional hazards regression model was performed to assess the prognostic value of MMP-21 and MMP-28 protein expression. Correlation coefficients between protein expression levels and clinicopathological findings were estimated using the Pearson's correlation coefficient method. The data was presented as the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinicopathological characteristics. The clinicopathological characteristics of the patients are presented in Table I . A total of 436 patients with gastric cancer (311 males, 125 females) were included in the present study. Based on the WHO classification criteria for gastric carcinoma, patient diagnoses included 16 cases of papillary adenocarcinoma, 326 cases of tubular adenocarcinoma, 29 cases of mucinous adenocarcinoma and 65 cases of signet ring cell carcinoma. Of these, 13 cases were well differentiated, 128 cases were moderately differentiated, 293 cases were poorly differentiated, and 2 cases were undifferentiated. According to the TNM staging criteria, 90 cases were TNM stage I, 104 were stage II, 173 were stage III and 69 were stage IV. In total, 253 cases presented with vessel invasion and 183 cases presented without vessel invasion; 270 cases exhibited lymph node metastasis and 166 cases were without lymph node metastasis; 61 cases had distant metastasis and 375 cases did not exhibit distant metastasis. Table I) .
Association between MMP-21/MMP
Results for the association between MMP-21/MMP-28 expression and the individual clinicopathological characteristics of patients with gastric cancer are presented in Table I . The rate of positive MMP-21 staining in patients with lymph (Table II) . These results indicate that 
MMP-21 and MMP-28 overexpression is associated with poor prognosis.
In total, 260 gastric cancer cases were negative for MMP-21 and MMP-28 expression, whereas 113 gastric cancer cases exhibited positive expression for MMP-21 and MMP-28 simultaneously, with a significant correlation between positive MMP-21 and MMP-28 expression (r=0.675; P<0.001) (data not shown).
In the present cohort of patients (n=436), the mean survival time in MMP-21-positive patients was significantly shorter compared with that of MMP-21-negative patients (27.95±1.19 vs. 50.42±0.86 months; P<0.001; data not shown) and the 5-year survival rate of MMP-21-positive patients (7.9%; 11/139) was significantly lower compared with MMP-21-negative patients (56.2%; 167/297) (P<0.001; Fig. 3A) . The mean survival time of MMP-28-positive patients was also significantly shorter compared with that of MMP-28-negative patients (29.06±1.27 vs. 50.73±0.85 months; P<0.001; data not shown) and the 5-year survival rate of MMP-28-positive patients (9.3%; 14/150) was significantly lower, compared with that of MMP-28-negative patients (57.3%; 164/286) (P<0.001; 
Discussion
Surgical resection is the most effective treatment for advanced and metastatic gastric cancer in ~60% of patients; however, ~40% of cases exhibit recurrence following curative surgery (1). Thus, predicting patient prognosis is a challenge in the management of gastric cancer and there is a requirement for sensitive novel prognostic markers.
Several MMPs have been reported to serve a role in inflammation, mucosal wound healing and cancer progression (2). MMP-28 and MMP-21 are the most recently cloned human MMPs, and are important in cancer progression (4, 10) . MMP-21 is a 57 kDa proprotein convertase-activated MMP, and is a newly identified member of the MMP family (13) . It is encoded by a gene containing only seven exons, whereas other MMP genes comprise ten exons (10, 13) . MMP-21 is widely expressed in a variety of human malignancies, including Merkel cell carcinoma, pancreatic adenocarcinoma, colon cancer, breast cancer, squamous cell carcinoma and hepatocellular carcinoma (13) (14) (15) (16) (17) (18) (19) (20) . MMP-28 is a 59 kDa protein, containing a signal sequence, propeptide, zinc-binding catalytic domain and haemopexin-like C-terminal domain (21) . Within the propeptide is a furin activation sequence, as MMP-28 is activated by furin (21,22) . The highest expression levels of MMP-28 mRNA are observed in the basal and suprabasal keratinocytes of the skin, the testis and the lung (23) . MMP-28 is also expressed in several forms of carcinoma, and is associated with proliferative cells in epithelial wound healing (23) . In oral squamous cell carcinoma and esophageal carcinoma cells, downregulation of MMP-28 expression leads to a reduction in anchorage-independent growth (23, 24) . In lung cancer, a previous study has suggested that MMP-28 induces epithelial-mesenchymal transition (EMT) via the activation of transforming growth factor β (25) . Numerous transcription factors, including specificity protein (sp)1, transcription factor 4, paired box protein, notch, retinoic acid receptor, mothers against decapentaplegic homolog 3 and activator protein 1, have been reported to bind to the promoter region of the MMP-21 gene (26) . The MMP-28 promoter region contains a conserved GT-box that binds to sp1 and sp3, and is essential for the expression of this gene (27, 28) . GT-boxes and the transcription factors described above are required for the expression of numerous genes involved in the regulation of cell growth, cell cycle progression and cancer progression (28) . Unlike other MMPs, which are primarily expressed in vivo by stromal cells, the expression of MMP-21 and MMP-28 is primarily restricted to epithelial and tumor cells, suggesting that MMP-21 and MMP-28 may regulate a wide range of cellular functions during cancer progression (10, 28) . Therefore, the present study investigated the expression levels and prognostic value of MMP-21 and MMP-28 in gastric cancer.
The results of the present study demonstrated significantly elevated protein expression levels of MMP-21 and MMP-28 in a cohort of 436 patients with gastric cancer, with a 31.9 and 34.4% positive detection rate, respectively. MMP-21 and MMP-28 expression was significantly associated with the depth of tumor invasion, lymph node metastasis, vascular invasion and distant metastasis, suggesting that the role of MMP-21 and MMP-28 in the breakdown of the ECM is important for the invasion and metastasis of gastric cancer. The expression of MMP-21 and MMP-28 was observed to significantly increase from stage I to stage IV gastric cancer, further indicating a role for these enzymes in gastric cancer progression. However, neither type of MMP was associated with gender, age, Lauren type, histological type or tumor differentiation status. Additionally, Kaplan-Meier survival analysis revealed that patients with higher levels of MMP-21 and MMP-28 expression had a poorer overall survival. However, the underlying factors, including the upstream or downstream genes or which pathways involve MMP21 and MMP28 remains unclear. It may be that MMP-21 and MMP-28 are associated with ECM-degrading capacity and EMT induction by regulating the expression of a number of different transcription factors, which may degrade or denature collagens, including type IV, V, VII, IX and X collagens.
The current study identified that MMP-21 and MMP-28 expression levels were significantly correlated with poorer patient outcomes and are independent prognostic factors for gastric cancer. The expression of these enzymes may be used as a prognostic marker in these patients, in addition to the TNM staging system, in order to enable the identification of patients with a high risk of disease recurrence or metastasis, who are candidates for aggressive adjuvant chemotherapy.
The current study demonstrated that MMP-21 and MMP-28 expression levels were significantly associated with tumor invasion, metastasis and poor prognosis in patients with gastric cancer. Although prospective studies are required to further determine the prognostic value of MMP-21 and MMP-28 in malignant tumors, the results of the current study support their role as independent prognostic factors in gastric cancer. In addition, the results of the present study indicate that MMP-21 and MMP-28 are novel therapeutic targets for the treatment and prevention of gastric cancer metastasis.
